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(57) ABSTRACT 

A method for forming a dielectric layer is provided. The 
method may include providing a semiconductor surface and 
etching a thin layer of the semiconductor substrate to expose 
a surface of the semiconductor surface, Wherein the exposed 
surface is hydrophobic. The method may further include 
treating the exposed surface of the semiconductor substrate 
With plasma to neutralize a hydrophobicity associated With 
the exposed surface, Wherein the exposed surface is treated 
using plasma With a poWer in a range of 100 Watts to 500 
Watts and for duration in a range of l to 60 seconds. The 
method may further include forming a metal-containing 
layer on a top surface of the plasma treated surface using an 
atomic layer deposition process. 
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PLASMA TREATMENT OF A SEMICONDUCTOR 
SURFACE FOR ENHANCED NUCLEATION OF A 

METAL-CONTAINING LAYER 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to semicon 
ductor processing, and more particularly to plasma treatment 
of a semiconductor surface for enhanced nucleation of a 
metal-containing layer. 

RELATED ART 

[0002] Increasingly, semiconductor devices require thin 
SiO based gate dielectric ?lms. Thin SiOn based gate dielec 
tric n?lms, hoWever, result in increased gate leakage. High 
dielectric constant (K) ?lms are noW being considered as a 
replacement for the SiOn based gate dielectric. Traditionally, 
high dielectric constant (K) ?lms have been formed using a 
process knoWn as atomic layer deposition (ALD). Thin gate 
dielectric ?lms formed using the ALD process, hoWever, 
result in poor nucleation of the high K dielectric on a silicon 
containing surface. Previous attempts to solve this problem 
have involved use of a standard clean (e.g., SC-2 clean). 
This step, hoWever, deposits a thin layer of chemical oxide 
on Which the gate dielectric material deposited using the 
ALD process nucleates. As a result, the chemical oxide 
becomes an integral part of the gate dielectric affecting the 
integrity and scaling of the gate dielectric. Furthermore, the 
chemical oxide reduces the overall dielectric constant of the 
gate dielectric ?lm. 

[0003] Thus, there is a need for methods for plasma 
treatment of a semiconductor surface for enhanced nucle 
ation of a metal-containing layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] The present invention is illustrated by Way of 
example and not limited by the ccompanying ?gures, in 
Which like references indicate similar elements, and in 
Which: 

[0005] FIG. 1 is a cross section vieW of a semiconductor 
device during processing, consistent With one embodiment 
of the invention; 

[0006] FIG. 2 is a cross section vieW ofa semiconductor 
device being treated With plasma, consistent With one 
embodiment of the invention; 

[0007] FIG. 3 is a cross section vieW of a semiconductor 
device With a plasma modi?ed layer, consistent With one 
embodiment of the invention; and 

[0008] FIG. 4 is a cross section vieW of a semiconductor 
device With a gate dielectric, consistent With one embodi 
ment of the invention. 

[0009] Skilled artisans appreciate that elements in the 
?gures are illustrated for simplicity and clarity and have not 
necessarily been draWn to scale. For example, the dimen 
sions of some of the elements in the ?gures may be exag 
gerated relative to other elements to help improve the 
understanding of the embodiments of the present invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0010] In one aspect, a method for forming a dielectric 
layer is provided. The method may include providing a 
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semiconductor surface and etching a thin layer of the 
semiconductor substrate to expose a surface of the semicon 
ductor surface, Wherein the exposed surface is hydrophobic. 
The method may further include treating the exposed surface 
of the semiconductor substrate With plasma to neutraliZe a 
hydrophobicity associated With the exposed surface. The 
method may further include forming a metal-containing 
layer on a top surface of the plasma treated surface using an 
atomic layer deposition process. 

[0011] In another aspect, a method for forming a high 
constant dielectric layer is provided. The method may 
include etching a thin layer of a semiconductor substrate to 
expose a surface of the semiconductor substrate, Wherein the 
exposed surface is hydrophobic. The method may further 
include treating the exposed surface of the semiconductor 
substrate With plasma to neutraliZe a hydrophobicity asso 
ciated With the exposed surface and to change a top layer of 
the semiconductor substrate into an amorphous form. The 
method may further include forming a metal-containing 
layer on a top surface of the plasma treated surface using an 
atomic layer deposition process. 

[0012] FIG. 1 is a cross section vieW of a semiconductor 
device during processing, consistent With one embodiment 
of the invention. Semiconductor device 100 may include a 
substrate 10. In one form substrate 10 may be a bulk 
semiconductor such as silicon, silicon germanium, or ger 
manium, or any suitable semiconductor material. Altema 
tively, substrate 10 may be implemented as a silicon-on 
insulator (SOI) substrate. As part of the ?rst step, the top 
surface 12 of substrate 10 may be etched to remove any 
oxide, for example, native oxide formed on top surface 12 of 
substrate 10. By Way of example, layer 14, Which may be 
10-20 Angstroms thick, may be etched aWay. Any suitable 
etching technique, such as dry etching or Wet etching may be 
used. By Way of example, hydro?uoric acid may be used to 
etch layer 14. Although FIG. 1 shoWs a bottom layer 
substrate 10 as being etched, a substrate like layer at another 
level of semiconductor device 100 may be etched similarly, 
as Well. 

[0013] Next, as shoWn in FIG. 2, top surface 16 of 
semiconductor device 100 may be subjected to a plasma 
treatment 18. Use of hydro?uoric acid may make top surface 
16 of substrate 10 hydrophobic. By Way of example, an 
in-situ plasma treatment may be performed to neutraliZe 
hydrophobic surface (e.g., top surface 16 of semiconductor 
device 100). Plasma treatment 18 may be performed using 
poWer in a range of 100 Watts to 1000 Watts. Plasma 
treatment 18 may be performed for a duration of 1 second to 
60 seconds. Any inert gas, such as Argon, Nitrogen, Helium, 
Xenon, or a combination thereof may be used as part of the 
plasma treatment beyond the plasma ignition stage. As 
shoWn in FIG. 3, plasma treatment may result in a plasma 
modi?ed layer 20. Treating the exposed surface of the 
semiconductor substrate With plasma may improve the 
nucleation of the metal-containing layer on a top surface 22 
of plasma modi?ed layer 20. As a result of the plasma 
treatment, plasma modi?ed layer 20 may be changed into a 
more amorphous form. By Way of example, plasma modi?ed 
layer 20 may be 10-100 Angstroms deep. To further aid in 
the process of changing plasma modi?ed layer 20 into an 
amorphous form, additional gases such as, ?uorine (e.g., 
NF3, F2, or B3F6,) chlorine (e.g., C12), and/or nitrogen (N2 
or NH3) may be used. 
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[0014] Next, as shown in FIG. 4, using an atomic layer 
deposition process, a thin gate dielectric, such as a metal 
oxide may be deposited on a top surface 22 of plasma 
modi?ed layer 20. Thin gate dielectric layer (e.g., a metal 
containing layer) may be formed using multiple cycles of the 
atomic layer deposition process. Each cycle may result in at 
least a partial metal oxide layer being formed on top surface 
22 of plasma modi?ed layer 20. Using multiple atomic layer 
deposition cycles deposition fronts 24, 26, and 28 may result 
in formation of a metal-containing layer 30. By Way of 
example, metal-containing layer 30 may be any metal oxide 
layer, such as, for example, hafnium dioxide, lanthanum 
oxide, yttrium oxide, titanium oxide, tantalum oxide, or an 
oxide having other rare earth metals or transition metals. The 
metal oxide may also include any number of metals, such as, 
for example, hafnium aluminum oxide, other metal alumi 
nates, etc. Alternatively, metal-containing layer 30 may be 
any metal silicate layer, such as, for example, hafnium 
silicate, lanthanum silicate, and any other silicates having 
other rare earth metals or transition metals. Additionally 
and/or alternatively, metal-containing layer 30 may also 
include metal-silicon-oxynitride, such as HfSiXOyNZ. 

[0015] In the foregoing speci?cation, the invention has 
been described With reference to speci?c embodiments. 
HoWever, one of ordinary skill in the art appreciates that 
various modi?cations and changes can be made Without 
departing from the scope of the present invention as set forth 
in the claims beloW. Accordingly, the speci?cation and 
?gures are to be regarded in an illustrative rather than a 
restrictive sense, and all such modi?cations are intended to 
be included Within the scope of present invention. 

[0016] Bene?ts, other advantages, and solutions to prob 
lems have been described above With regard to speci?c 
embodiments. HoWever, the bene?ts, advantages, solutions 
to problems, and any element(s) that may cause any bene?t, 
advantage, or solution to occur or become more pronounced 
are not to be construed as a critical, required, or essential 
feature or element of any or all the claims. As used herein, 
the terms “comprises,”“comprising,” or any other variation 
thereof, are intended to cover a non-exclusive inclusion, 
such that a process, method, article, or apparatus that com 
prises a list of elements does not include only those elements 
but may include other elements not expressly listed or 
inherent to such process, method, article, or apparatus. 

What is claimed is: 
1. A method for forming a dielectric layer, comprising: 

providing a semiconductor substrate; 

etching a thin layer of the semiconductor substrate to 
expose a surface of the semiconductor substrate, 
Wherein the exposed surface is hydrophobic; 

treating the exposed surface of the semiconductor sub 
strate With plasma to neutraliZe a hydrophobicity asso 
ciated With the exposed surface; and 

forming a metal-containing layer on a top surface of the 
plasma treated surface using an atomic layer deposition 
process. 

2. The method of claim 1, Wherein etching comprises 
using hydro?uoric acid to etch the thin layer. 

3. The method of claim 1, Wherein the plasma is per 
formed in situ. 
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4. The method of claim 1, Wherein the metal-containing 
layer comprises at least metal oxide. 

5. The method of claim 4, Wherein the metal oxide is at 
least one of hafnium dioxide, lanthanum oxide, yttrium 
oxide, titanium oxide, tantalum oxide, Zirconium dioxide, or 
an oxide having other rare earth metals or transition metals, 
or any combination thereof. 

6. The method of claim 1, Wherein the metal-containing 
layer comprises at least one of metal silicate and metal 
silicon-oxynitride. 

7. The method of claim 6, Wherein the metal silicate is at 
least one of hafnium silicate, lanthanum silicate, and any 
other silicates having other rare earth metals or transition 
metals, or any combination thereof. 

8. The method of claim 1, Wherein treating the exposed 
surface of the semiconductor substrate With plasma creates 
a plasma modi?ed layer. 

9. The method of claim 8, Wherein treating the exposed 
surface of the semiconductor substrate With plasma 
improves the nucleation of the metal-containing layer on a 
top surface of the plasma modi?ed layer. 

10. The method of claim 1, Wherein the exposed surface 
is treated using plasma With a poWer in a range of 100 Watts 
to 500 Watts and for a duration in a range of l to 60 seconds. 

11. A method for forming a high dielectric constant layer, 
comprising: 

etching a thin layer of a semiconductor substrate to 
expose a surface of the semiconductor substrate; 

treating the exposed surface of the semiconductor sub 
strate With plasma to change a top layer of the semi 
conductor substrate into an amorphous form; and 

forming a metal-containing layer on a top surface of the 
plasma treated surface using an atomic layer deposition 
process. 

12. The method of claim 11, Wherein etching comprises 
using hydro?uoric acid to etch the thin layer. 

13. The method of claim 11, Wherein the plasma is 
performed in situ. 

14. The method of claim 11, Wherein the metal-containing 
layer comprises at least metal oxide. 

15. The method of claim 14, Wherein the metal oxide is at 
least one of hafnium dioxide, lanthanum oxide, yttrium 
oxide, titanium oxide, tantalum oxide, Zirconium dioxide, or 
an oxide having other rare earth metals or transition metals, 
or any combination thereof. 

16. The method of claim 11, Wherein the metal-containing 
layer comprises at least metal silicate. 

17. The method of claim 16, Wherein the metal silicate is 
at least one of hafnium silicate, lanthanum silicate, and any 
other silicates having other rare earth metals or transition 
metals, or any combination thereof. 

18. The method of claim 11, Wherein treating the exposed 
surface of the semiconductor substrate With plasma creates 
a plasma modi?ed layer. 

19. The method of claim 18, Wherein treating the exposed 
surface of the semiconductor substrate With plasma 
improves the nucleation of the metal-containing layer on a 
top surface of the plasma modi?ed layer. 

20. The method of claim 11, Wherein the metal-containing 
layer comprises at least metal-silicon-oxynitride. 

* * * * * 


